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Through the courtesy of Prorecnor O^Neil opportunities were 
presented to T7orlc at these subjects in the chemical laboretories 
of the University of California. The vrork extended over a period 
of somewhat more than a year* The earlier part of the investigations 
were embodied in a partial report which was submitted in the contest 
for the "Faculty Prise" in Chemical Research in April, 19 0>3. 

The worlc in perfecting the api^aratus for cleansing v/ool was 
continued without interruption until Arigust, - after which time the 
investigations on the by-products was again resumed, - and is still 
in progress at the preatent time* 

In June applications were made f05 patents on both the apparatus 
and the process for cleansir^g the wool. Most of the claims were 
lately rejected in lieu of those which had been filed by Edward 
Maertens of Providence, Riiode Island* (Vide U* S. Patents 698,207,- 
8,- 9,- 10,- 11, April 22, 1902. )♦ There were however suf-icient 
differences to warrant a contest, so the matter is still pendin,!:. 

On June 16th of this year the Census Bureau published a bulletin 
by 5« N. D. North on the "Utilization of Yfastes 2ivl By Products in 
Manufacture" • In it considerable attention is paid to the wastes of 
wool washing establishments. ISr. North points out many featuro^s 
of attempted improvement in modern methods of wool washing. There 
are many other similarities between his article and the one publishoc, 
by the author of tliis paper, several months previously. Any accuse. - 
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tlon of plagiarism is ^howevet^ absolutely out of tlio question. 

The author was totally unaware of lir. Llaertens* patents and 
those of others which deal with the subject of wool washing by the 
extraction method, ty means of benzol etc., until after the rejection 
of the claims on the application for the patents filed. 

Considerable original work Yfac; also done on the const ittit ion 
of the wool-fat after wliich the author was very much discouraged to 
find that m^ich of it had alre-icJy been carried out by previous in- 
vestigators. There was some satisfaction however in noting that 
the results of the wodc checked up very well vrith the previous in- 
vestigations. 
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PART I 



AN/iLYSES, INVESTIGATIONS AND OBSIiRVATIOITS OP SOttS WESTERN T/OOLS. 



In 1897 through a mere cursory exaiaination and analysis of a i':?: 
sarriples of southern wools the author's attention ^ras focused rather 
sharply on the composition of ttooIs in c^neral* It was not until 
August 1901 that the opportunity presented itself to again work at 
the subject, - though in the interim, the matter had frequently lxH;n 
thought of .- 

The correlation between the analytical composition and the com- 
mercial value of raYT wools seemed on first thought to be extremely 
i>iportant, and upon investigation really proved to be so* Before, 
however, noting the reasons for this correlation, allow me to impress 
lopon the reader the importance of the wool industry. This can best be 
sliov/n by a glance at the following figures. 

In the year 1900-1901 there was prodviced in the United States 
about 305,000,000 pounds of raw wool, - South America produced about 
510,000,000 pounds and Europe about 945,000,000 pounds. The world's 
production for the same year amounted to 2,685,000,000 pounds. 

The United States plays no small part in the wprldls product icii, 
and of our supply the most of it, and the best at that, comes fro]:: 
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the Western States. 

It is a notable fact that In the Unite^d States there is abso- 
lutely no soientifio investigation of the qualities of the raw wools 
before they enter the market. Wools are bought and sold on the mere 
tentative exa^^iination of ^experts". These men judge wools at a glance, 
in regard to elasticity and strength of fibre ^with a precision of 
judgment that is astounding. But they claim to be able to estimate 
also the aiaount of moisture and dirt in the wools with the ssjne nicety 
of judgment. It has been demonstrated repeatedly that it is impossible 
to judge the amoiint of moisture any closer than within a probable 
error of five per cent, while "^XV^dixt and dust the error ranses from 
one per cent to three per cent. 

This beirig the case it is indeed ludicrous to note the bicker.i.:i.j 
of merchants, who bargain to onej^eighth and one-sixteenth of a cent 
vHOk they are very apt to be mailing an error of judgment in their 
sales of from one-half to one cent per pound because of laclc of pro- 
per scientific investigation. In Europe this possible source of error 
is duly considered by all intelligent merchants who submit samples of 
their wools to recognized "conditioning houses" where the samples -tc: 
carefully and scientifically analyzed. There have been many improve- 
rients in late methods of investigation, and several inventions have 
very recently been made for the almost mechanical analysis of raw- 
wools. 

It was a consideration of the lack of "method" in this country, 
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tog'^ther T7lth the curiosity to know whether or not one can attach any 
valuable connection between the grease content - and the strength and 
the elasticity of the wool-fibre, - which instigated the author's ob- 
servations on western wools. 

Ihe samples of wool used were typical of the several portions 
of the country from which they were taken and cover fairly well all 
of the large Pacific States. 

The first step talcen in the investigations was the simple analy- 
sis of the raw-wool into its four main constituents (1) pirro wool- 
fibre ^(2) grease, (3) dirt, (4) moisture, and (5) supplementary to (l) 
the ash content of the pure wool. - The method of analysis pursued 
was as follo7;s: 

Ten grams of the raw-wool was sampled as carefully as possible. 

The sample was then heated at 110*' c for three hours and the 
moistiire determined by differ once. # 

After drying, the grease was extracted from the wool by six hours* 
treatment in a JBoxhlet Extractor, with water free ether. (After the 
treatment tests were riade with osmlc acid to be sure that all the fat 



# The possibility of loss in weight by the loss of volatile 
constituents of the grease, was carefully considered. It would, hac^. 
it occurred, have Increased the percentage of moisture. lAvestigatipiiS 
showed however that it contained no volatile constituents under 130'' c 
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had been extracted). The wool was then r:j?ied and weighed and the fat 
was determined by clifTerenoe, but the result was checKed by weishiiio 
the? fat in the receiver. 

After the fat has been extracted the wool is easily freed from 
the dirt by mere iirmersion in hot water. The wool is then again driec 
at no"* C for one hour and the dirt is determined by difference. ir 

Below are tabulated all the averages ''^ ^' of the analyses of the 
separate samples. 



Wools. T/ater Grease Dirt Pure-Fibre Ash, 

Washington 9.35 35.8 28.15 26.70 1.40 

Oregon 8.95 21.6 32.55 36.90 1.35 

Nevada 8.70 21.2 38.05 32.05 2.00 

Lake View (Nor. Calif.) 8.30 20.4 36.70 34.60 1.90 

Bakersfield (So. 0^1 ir. ) 5.75 23.8 42.65 77.80 ^.QO 



# Tlais method of complete difference allows of opportunity for 
considerable error. Since, however, the chance error cf sampling, fsr 
exceeds the possible error of analysis, - the errors brought about 
by the method of difference are practically, quite negllgble. A con- 
plete check on the results can be established by 7;asliins the wool free 
from dirt in distilled water, then evaporating to dryness and weigh- 
ing the resid ue ( dirt ) , 

# # There were from four to six separate analyses made of each 

ij ample. 
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Careful observation and Interpretation of the above data shows 
numerous interesting facts, some of which uight warrant general appli- 
cation. I have no doTibt that the expert buyer and the wool grower 
would be able to give the same information - but from a different 
source, - that of experience only. The inference to be drawn from the 
data can be classed under the following heads: 

I. - INFLUENCES AFFECTING MOISTURE. - 



It is to be noted^.as would primarily be supposed ^that the per- 
centage of moisture varies not so much with the quality of the wool 
fibre itself as with the quantity and quality of both the dirt and 
the grease. If the dirt in the wool is silicious or calcareous in 
charhctar the amount of water which it is capable of retaining is 
necessarily small » if on the other hand the dirt .is earthy or adobe- 
like as that which is nixed with wool from the southern ranges the 
amount of water is much increased. The amount of moisture that the 
grease can absorb varies as well as the dirt vrith the locality where 
the wool is grown. Grease fron wool from mountain raised sheep con- 
tains 3.iore moisture than wool from the sheep of the southern ranges. 
It is obvious , though ^that it is not so :nuch the quality as the quantity 
of the grease which affects the .percentage of moisture* The fibre it- 
self is somewhat hygroscopic, but what things control this feature, of 
the fibre, it would be hard to say. In coneral, these wools which 
liave less ash have less moisture, the reason for which is that the 
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ash consists largely of potassium carbonate, a highly hygroscopic sal 

II. - INFLUENCES AFFECTING THE AMOUNT OF GREASE. - 

- — ■ II. 

The grease acts not only as a protective covering to the fibre 
but also as an additional means of retaining heat in the body of the 
animal, so it is naturally more abundant in northern than southern 
?rocls. Long fibred wool contains as a rule less fat than short fibred 
wool. Spring and summer wools have far larger percentages of fat than 
do autumn and winter wools. 
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III. ^ THE QUALITY AND QUANTITY OF DIRT. - 

Both the quality and quantity of dirt, are features of the ran- 
ges on which the sheep are raised. Even short fibred wool raised on 
sandy soil contains riore dirt than long fibred wool raised on firmer 
ground. Of bourse the primary factor influencing the quantity of the 
dirt is the soil, but a factor no less important is the grease, which 
if abundant matts all iiinds of sod, dust, sand and effluvia in with 
the fibre. The quality of the dirt is an important point to which the 
attention will be drawn in another section of the paper. 

TV. - THF, Ac^H TTI T^TTTi! WOOL thTT^T^T!, ^ 

It was found that results showing the ash content of the fibre 
are valuable indices of the strength and elasticity of the wool. Fibre 

which contains a large percentage of ash is correspondingly low in 
Keratin. (Kuratin is the essential constituent of the pure fibre. It 



is^ according to Hammersten, almost identical with the horny substance 
in hoofs, cartilage, horns etc.) It is the keratin which is elastic 
and lends strength to the fibre. The presence of mineral dalts tends 
to niai^o the keratin brittle and fragile. (Piare keratin being, a complex 
organic compound should of course burn completely without leaving any 
ash). 



Before closing this section of the paper it might be well to naka 
further note of the hygroscopic nature of raw-wool by calling attention 
to the following extract from the Bulletin of the National Association 
of Wool lianufactui'ors. (Vol. 31). 

•The amount of moisture which may be present in the fibre at 
any one timB Is largely dependent on the physical condition of the 
fibre together with the temperature and humidity of the atmosphere, 
^ool is capable of absorbing considerjible ajid varying amounts of 
moisture without in the least altering its external appearance. In a 
warm dry atmosphere the average range of moisture in crude wools 
(western) is from 5-8^. The same wools range on cool damp daj's from 

In addition to these variations the a^iount of moisture absorbed 

is also influenced by the nature of the grease and poteesh salts prcv.e.'t 

well 
in the fibre. It is a^known fact that western wools, in transportation 

to the eastern sea-board someti :es s:ain enough moisture in Y;eight to 
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pay for their transportation East^« 

In Prance a standard of 18-l/4f^ moisture has been established 
for raw-wools, in this country absolutely no standards havg as yot 
been established. 



^ 
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P A H T II 



XHCLUDIIJ& THE RESULTS OP A NEW METHOD FOR CLEAISING RA7--W00L 



(The subject In this section being such a broad one, It was 
found necessary to treat It In the briefest possible manner. Fre- 
quent references are made to processes In vogue, but detailed ex- 
planations of them are not given for they can be found In almost 
any work on technical chemistry* The works of Brant (Animal and 
Vegetable Fats and Oils, Vol. II), Blount & Bloxam (chemistry for 
Engineers and Mamifact'orers, Vol* II) and Sadtler (Industrial Or- 
ganic Chemistry) were referred to frequently for general facts. A 
complete bibliography will be foiuid at the end of the section.) 

In the spring of 1899, fully two years before the analytical 
work mentioned In Part I, the author had occasion to Inspect a ttooI 
washing plant In Los Angeles, \7hlle visiting a number of other tech- 
nical and chamloal Industries in that vicinity. 

A number of interesting facts and some valuable data presented 
Itself concerning the wool-washing industry. The plant established 
in LOS Angeles had spent as an original investment the sum of 
|80,000. for property, building and machinery. At the outset of 
their career their apparatus and machinery proved unsatisfactory; 
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nearly Vne whole of it was ramoved and a complete ne\T ba^teiy of 
washers was Installed. The factory then ran for a while longer, 
rather unsuccessfully^ under poor management. Finally , a short 
while after competent men were secured for the establishment, the 
plant suffered a sudden paralysis because of the sudden lack of 
local supply of raw wools, occasioned by the drought of 1899 - 1900. 
The production of the rest of the countiy was not diminished, but 
on the other hand increased, and the world's supply was overly lar^e 
for the following two years; in consequence prices fell and re- 
mained at such a point that with the method of washing in use in 
that plant it became impossible to do further work. In the meantiiue 
tlie capital lay idle* During the latter part of the period of in- 
action the whole scheme was abandoned in disgust. The details have 
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been mentioned in thid case, because they are practically paralie 
with those of similar establishments all over the country. 

The general failure of such local plants instigated some little 
thought. TOiat were the advantages and drawbacks of such local in- 
stitutions? These points were soon determined upon and shall be 
mentioned briefly. 

The first point of obvious advantage v/hich thrusts itself into 
view is the doing airay Trith the deterioration of r aw-wools in long 
storage and shipment. In substantiation of this fact it mi^ht be 
well to again quote from the Bulletins of the National Association 
of Wool Manufacturers: — 
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•Growers have often been reminded that greasy wool does not 
inprove In appearance and value by keeping; but probably not owners 
alone but even experts in the trade never had this truth so clearly 
revealed to them as during the season of 1899 . A number of parcels 
after having been retained in local wareliouses for twelve months, 
lost color to such an extent, and became so stained and sodden looic- 
ing as to be quite unrecognizable. Buyers could not be prevailed 
upon to offer more than from 4-l/2c. to 5-l/2c* per pound for the 
wool, when at the beginning of the season they had offered from 
12-1/2 to 13-1/2 c. for the same material.^ A properly scoured wool 
call be held indefinitely without deteriorating, but if bodly scoured 
the result is very similar to that experienced in the case of 
greasy wool. In other words it becomes as sodden as lead, discolor- 
ed and extremely unattractive in appearance. Hence it is quite 
clear that if it is intended to hold the wool, the best course to 
pursue is to have it well scoured at the earliest possible period". 
This of coitrse can be most easily accomplished by the establishment 
^ of loc?.l vrcshing plants. 

By following . such a course the outrageous p rices of transporta- 
tion , - particularly in this country, - would be enormously diminish- 
ed. Wool as it comes from the sheep is an exceedingly dirty product, 
full of grease and suint. The process of cleansing preparo.toiy to 
TTorlclng consists of opening, burring, raslilng, scoiiring and dusting, 
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and In these opeccations the wool loses frc:::i twenty to eighty per 
cent in weight • The average loss in weight in domestic wools is 
sixty per cent* The cost of freight on this extraneous material i;:^ 
an iriportant consideration to the manufacturer as on the above 
hasis of shrinkage it adds one to one and a half times the cost of 
transportation. Moreover as was stated previously the amount of 
moisture tliat the wools take up is dependent mostly on the dirt and 
grease and not on the fibre • Hence if the wool is scoured early 
its hy.^oscopic natxire is also done av^ay Y:ith. 

In general the tendency of manufacturins industries to locate 
near the source of supply, was -hat built up the little mills of a 
century ago in the haart of the wool growing districts. This tendein- 
oy towards the specialization and subdivision of industries of late 
years has been nowhere more apparent in wool manufacture than in the 
establishment of wool scouring plants. In 1890 they were so few in 
number that the textile directories did not report tlieia nor did the 
census reports of that year take cognizance of them. At the present 
time twenty five wool scotiring establishments are in operation i:o. 
the United States, employing a capital of §1,061,125. Their loca- 
tion in most instances seems to be determined by their proximity to 
the consumer and they are in consequence located in the large ship- 
ping centers of the wool growing districts. There are six such es- 
tablishments in New Mexico, Colorado ^.nd Uisoo^ori; nine in Massa- 
chusetts, Connecticut nncl No- Jersey; six in California (five of — 
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wliicli are in San Francisco); two in Illinois; one in Oregon; and 
one in Pennsylvania* # 



Having noted the primary advantages let us now turn to the 
disadvantages of distinctly local plants. 

Firstly ^ the present method of scouring necessitates a very 
large outlay of capital in even medium sized plants • Such capitcLl 
in local districts uhere the product is uncertain is always at a 
disadvantage for it is apt at any tiiiie,to be made idle. 

Secondly , there exists the disadvantage of the great cost of 
chemicals, (such as lye and soap), which cost, any place outside 
of the immense comrderolal centers Is very largely augmented. 

Thirdly , there exists the difficulty in obtaining competent 
men for small local establishments where few or no opportunities 
present themselves. One can readily understand that for such a 
delicate process as the washing of animal fibre with lye and soap 
in hot solutions the most hlgly trained talent is absolutely essen- 
tial. 

The Importance of the advantages of local plants would readily 
impress themselves on one - a sufficient consideration of the dls- 
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advantages would be apt to discourage the most courageous investor* 

TJfliy not then obviate the di ff icultie s? How fcihould one set 
about this? change the process of washing! And in so doing, do 
away with: - Firstly >_ Complicated machinery; Secondly , Expensive 
chemicals, which cannot be regained in the process of washing; 
Thirdly , Sinipllfythe process so as not to need skilled labor* 

It will be seen tl:at all processes are primarily dependent on 
the chemicals used in it. 

Let us consider the object of the chemicals used in the soda- 
lye and soap process of 7/asliing . - We will describe the process 
briefly fron the beginning. - The raw wools are brought into the 
upper floors of the scouring plant and after bein^ picked over and 
"sorted" are placed directly in a "duster", a machine which frees 
the 7/001 fron loosely adhering dust and dirt. A large quantity of 
dirt still remains, however, matted in with the wool grease. By 
treatment in a hot water solution (60^ c.) of soda-ash, the grease 
Is largely saponified and dissolved away, and the dirt contained is 
W'.shod off by long continued agitation in warm water. The remain- 
ing grease is taken out by washing the vrool in a solution of soap. 
The wool is then washed in several changes of hot water. All this 
is done consecutively in tanks so arranged with "stirrers", "Ci:;.ri»iers", 
etc, that the wool is handled entirely mechanic ally • After washing 
it is spread out on screens and dried by currents of hot air. The | 
wool still contains, however, all kinds of leaves, seeds and currs, 
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entangled in the fibre* These are removed 'oy treatment \7it1i dilute 
sxilphiiric acid in a process luiovm as "carbonizing". 

The first steps made torard any improvement on the alkali 
process were made ir. attempts to regain the fats which had previoui;ly 
beon allowed to run off with the waste waters, without "oeing utilized - 
except to contaminate the rivers and creeks to the detriment of the 
public health and loss to the public purse. 

The scouring plants of Germany and England were the first to 
Install practical methods for the recovery of valuable products from 
the waste liquors. 

There 7;ere a number of important patents taken out in England^ 
particualarly, some of the more notable of which are the following: 

Improvements in V/ashing i7ools and in Treating and Utilizing tho 
v;?.G::ings - H. N. Langbeck, Loughton. Eng. Pat. 66. Jan. 2, 1889.- 

An Improved Process for recovering Greaae from Wool Washing. - 
P. A. Oliver and v. G. Seagrove. Eng. Pat. 5482. April 10, 1890. 
Improvements in V/ool Scouring and Pat Saving Apparatus - 
J. Rhodes, Sidneyj Australia. Eng. Pat. 19071. Oct. 24, 1892. 

Improvement in Scouring and Degreasing Apparatus.- P. N. Turr.ey, 
Eng. Pat. 8179, Apr. 22, 1893. Etc. etc* 

In 1897 the Bradford district presented a bill before the En^;- 
lish Parliajfient relating to the treatment and disposal of suds from 
the wool wash-bowls in coriVoing sheds. At that time considerable "" 
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interest was attached to a process rhioli had been introduced at the 
works of Messrs. ViTilliain Scaifo & Co., woolconibers, Lalsterdyke. The 
process was quite successful and exceedingly simple^ The suds, after 
being run off fron the washing bowls were allowed to stand for about 
half an hour in a settling tanlc, to permit the s^find and solid natter 
to fall to the bottom. The liquor was then puniped into a tank, in the 
bottom of which w««r; a system of pipes through which compressed air 
was forced. About one gallon of siaphuric acid was added to every 
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700 gallons of suds before the "blowing" began. The violent aeratio 
of the liquor brought the grease to the surface very quickly in the 
toxm of a thick foam or froth, and a set of boards carried on an end- 
less chain scraped this off and carried it away over one end 4f the 
tanlc. The blowing was continued until all the grease was removed. The 
greasy foam which contains only about five per cent of water is troatod 
under pressure in a stefflM press. # 

At the works (of Thomas Biggart, Ayrshire, England, the recovery 
of grease and potash from the wash liquor is effected in tho follow- 
ing manner: 

The suds from the first scouring bowl, containing about nine- 
tenths, of the grease and potash, after standing about twelve hours to 
insure deposition of the sand are evaporated in a pan until tl\o ilq:iid 
attains, a syrupy consistency. The resulting liquid is then cooled in 
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shallow iron treys, and tlie grease Yrhich collects on top is renoved 
at intarvals* The saml-liquid residue is then calcined in a brick 
jj^ oven and the heai produced from it is used to assist the evaporation. 

A crude carbonate of potash is thus produced, wlilch, arter being oonv- 
pletely carbonated, is boiled to dissolve out the potash salts. The 
solution is then concentrated to 100^Ttr*» the potassium sulphate and 
chloride crystallizing out on cool ins* 

Siaile Richard •i* Lager ie of Roubaix, Fra;ice, has a sornerv^hat similar 
process, mainly utilized for the recovery of the potash. 

Alfred Matte & Co., of the same city have a mechanical process 
of »bati;age" for the extraction of the grease from the suds. The suds 
are beSten into a froth W vneans of a rotary agitator which carries 
the fatty matters to the surface. These are sicimmed off into conduits 
by a mechanical scraper and are forced by a steam extractor into a 
wooden tank in which they are heated to 60^ 0., and treated with 
sulphuric acid in the proposition of one pound to 100 gallons. The 
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acid is then removed by washing and the grease is filter-pressed. 

In another English establishment that of Thomas Fox, T/ellin,'i;to^% 

Somerset, the soapy liquor are led into six acidifying tanks and treata: 

with sufficient acid to liberate the fatty acids. These, on separating 

together with the wool-fat are drained on saw-dust filters. They are 

afterwards taken off and purified by- distillation for conversion into 

soap again. The dilute acid from the acidifying tarifcs is pumped into 
internedlate storage tariks for further settlement, after which it flcr^^ 
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into the precipitation tanks and is treated with the general T^aste 
^mters from the works by alunino ferric-sulphate and lime. # 

This process is somewhat sjnilar to that for the recovery of 
the so-called •'Yorkshire fat« in Yorkshire, England, - a full descriiJ 
tion of which will be given later. 



So much for the methods of recovery of the waste products Cron 
the wash waters of the soda-lye and soap process. The process itself 
is essentially the same as that which has been in use for the last 
two thousand years, - of course, of late years since the installation 
of machinery in eveiy branch of manufacture many improvements have 
been nade in the mechanical handling of the wool, but the process it- 
self has rsDiained the same. 

It was not until about ten years ago that attention was first 
drawn to the fact that the old process was inadequate and insufficient 
to modem necessities and was moreover Injurious to the fibre. It 
was soon pointed out that the ideal process for cleansing the reel 
ejid preparing it for dyeing and spinning was the solvent process . 
All scientists and technical experts who have studied the wool fibre 
are unanimous In the opinion that it should be fro^d fror:i its fat 
by means of volatile solvents and not by the use of soapy and al- 
kaline solutions as has been heretofore the universal practice. 



5f Journal Society of Chem. Industiy. Vol. 15, p. 47. 
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To q^ote from H. G* Kittredge "^ : "The earlier attariipts to 
carry on the process of degr easing wool by means of volatile sol- 
vents were none of them siiccessfal from a commercial standpoint, 
although the rationality of the process was fully demonstrated in 
almost every instance by the superior condittion of the wool thus 
treated. The problem was a very complex one to solve, requiriiig 
considerable mechanical engineering skill, knowledge of the wool 
fibre and of chemistry,- due regard for the healthfiilnesy and safety 
of the operation, and a blending of all these requisites into a 
system^ the result of which could be expressed in dollars and cents." 

The first attempts-towsTd the application of th e solvent p ro- 
c^ss were in the use of carbon-bisulphide, amylalcohol and ether 
as solvents. Hone of these chemicals proved satisfactory. 

Carbon bisiaphide had its diaadvaniage in being difficult to 
regain without injury to the wool fibre. The use of dry hot air for 
the removal of the carbon bisulphide made the wool hard and steaiii 
felted it. A combination of the two moist hot air seomed to serve 
^ the purpose best. There were however maJiy other objections, the 

difficulty of handling, inflammability, the cost and a tendency to 
discolor the wool. 

Amylalcohol was practically out of the question because of the 



# Census Bulletin #190, June 16, 1902 
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difTiculty of obtaining it, moreover the loss of the solvent was 
too large. Rlchter of Berlin was the man wlio attempted this pro- 



cess* 



Latere German W the name of Braim claimed to have overcome 
most of the difficulties of the extraction process in the perfection 
of an ether extraction apparatus* The process was as follows: •* After 
a portion of the suint and dirt was removed by watCT^ the latter is 
removed by alcohol, the alcohol by ether, the fat by more ether - 
the ether by alcohol and the alcohol by water again". Of course the 
alcohol, ether and fat are recovered by redistillation. The loss 
of ether did not, it was claimed» exceed one per cent but no 
statement was made whether it was a loss of one per cent per gallon, 
per day, month or year. The process nevertheless was a fallms©. It 
was certainly not practically feasible and economical on a large 
scale; moreover it pos:iJeBsed three radical disadvantages, first, 
a considerable outlay in capital and expensive machinery; second, 
extremely expensive and dangerous chemicals; third, considerable 
skill in handling. 

numerous otliBr methods were attenapted but none of them were 
successful* So in the autumn of 1901 the author attempted to devise 
a method which might do away with all objections and dlsadvantag;es. 

The first point to be decided upon was a solvent. There are 
quite a nuMbe./ from which to choose; carbon bisulphide, variov.s al- 
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coliolSf ether, shale oil, fused oil, benzine, benzol, gasoline, etc. 
and various gaseous light distillates such as naphtha, petrol eun»» 
ether, etc» After considerable tentative experimentation it vc.^^ 
deemed advisable to use a crude oil distillate, bo ilijig between 
85*^ and 90^ 0. ^ Ihe advantages irnlolz this product possessed ytoxg: 
firstly, Its cheapness; secondly, its abeolute noih-miscibility T:iLa 
"srater; thirdly, its excellent solvent power; and fourthly, its low 
boiling point. Hone of the other solvents had all of these advan- 
tages, the one next in the list is a product called "benzol" manu- 
facturac. by the Barrett Manufacturing Co. of Philadelphia. Tlioce 
people claim that their product hSLS a greater solvent action on fats 
than any of the petrolefitn distillates. But even if so it has the 
remarkable disadvantage of costing half as much again as the prodiict 
previously mentioned. 

The next step in the work was the designing and the const :\ict ion 



of the extraction apparatus . The Uyo most iiaporiant points kept in 
mind were simplicity and cheapness. 

A temporary apparatus was constructod to work out the general 
arrangement and method, after which a more complete working model 



# (The product which was used in the work was obtained through 
the courtesy of LIr. Starke of the Standard Oil Company. It was 
carefully fractionated and then decolorized and deodorised \7itTi 
sulphuric acid.) 
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was constructed in San Francisco. 

The accompanying photographs will convey to one better tiian 
a verbal explanation the arrangement of the apparatus. The Blue 
prints Twro made from photographic reproductions of the dravrlncr. 
rhich were submitted In the patent ap::licaticns. 
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Tile process consisted In soaking the raw wool in an extractor 
^ . -. - 

B (vide Pig. 3) in a suitable solvent. The extractor was a galvanlnrxx 
iron cylinder 9 inches in diameter and 36 inches high, to this tliere 
was attached tha syphon arrangement E% very much llKe that in the 
ordinary Soxhlet extractor except that the a*: t ached valves were so 
arranged that one could extract continuously or intermittently at 
will^ The wool is packed in the wire cage (A). The distillate is 
allowed to run onto the wool from the reservoir D, and ronains in 
the extractor about twenty minutes* It is then run off into the 
caldron ?• The valves are closed, steam is run tlirough the steam 
coil G and the distillate is distilled off through the pipe I to 
the condenser K rhere the vapor condenses and runs back into the 
reservoir D to be used over again. 

It takes about four separate soakings to remove all of the fat 
from the rrool. After the removal of the fat the distillate is all 
dravm off into the caldron P and distilled bacl^ into the reservoir. 
The fat remains behind and can be drawn off in the molten condition 
^ through the faucet P. 

The distillate remaining adhering to the wool is separated 
therefrom by passing a current of steam through the extractor, the 
steam and the volatilized distillate condense together and flow baC: 
into the reservoir where the water separates on the botton and can 
be drawn off at the cock D». 
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TTpon the reinoval of tho last traces of the distillate the cage 
I Is removed, and the reoaining dirt and suint In the wool can be 

cashed off by mere agitation in water. 

The apparatus is in effect nothing more than a large Soxhlet 
extractor. It works entirely automatically, the heat of evaporation 
carrying the distillate to a point where it can be allowed to flov; 
bade by gravity, into the extractor. In consequence, from the labor 
standpoint, the only effort that is required is in charging the wool 
into the cage and the manipulation of a few valves. 

It was shown that it was impos sible t o dama ge the fibre by 
long Immersion, for even after standing in the extractor for three 
weeks the wool came out as strong and tough as when first immersed. 

In the first crtHe apparatus there was a loss of one per cent, 
of distillate per ten gallons for every five distillations. In the 
final model there was a barely measurable loss in ten distillations. 

It was noted that when the extractor was loosely packed with 
wool it required about three quarters of a gallon of distillate to 
^ every pound of wool. 

The extractor cage hold from twelve pounds to fifteen pottnds of 
raw wool and from that about three pounds of grease were extracted 
as a rule. A batch of wool of 75 pounds gave fifteen pounds of 
grease. She wash waters fra':i the same sample after the grease had 
been extracted showed an analysis of about eix per cent of potash 
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present (estimated as potacsium carbonate). 

Most of the sainples were absolutely uninjured by the exposure 
to the steam for ten minutes; some delicate sanrples were however in- 
jured at the "tips" and It was finally decided to do away v;itli tlie 
stean entirely toy passing water at a temperatux^e of 65^ C. Into the 
extractor and then submitting the extractor to diminished pressure. 
Hi this wry all of the distillate can be recovered at a toraporcture 
of 65^ and 20 mm pressure. The diminished prossuro is obtained by 
putting a •Doane Slinplex Vacuum Pump" in * series" with the pipe 0; 
(fig. 3). 



The saving that would be effected by the s olve nt proces s to 
establishments that degrease and worlc their own -.rool for worsted 
purposes can be expressed in round numbers as averaging two cents 
per pound, figured on the greasy wool - according to H. Q. KittrodoO. 
This saving is made: firstly, in the cost of tlio soap, which is enr- 
tlrely dispensed with by this process; secondly, in a greatei* yield 



• * 



of the wool fibre since none of it Is dissolved by soap and alivali; 
thirdly. In a larger proportion of "top" to " noil", because the 
■wool being free from aiv f oj.ting cards, and combs freely without 
breaking off the fibres or the making of "nibs"; fourthly. In a 
larger production on cards, combs, drawing and spinning ni. oliinorjr'* ; 
fifthly, In the superior softness and api-earance of the finished 
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product; sixthly, and perliaps most Important of all, In the wool fat 
and the potash recovered. The cost of the degreasing operation in- 
cluding labor, solvent, power, interest, etc. would be more than 
covered by the soap saved. 

In further consideration of the sixth advantage Just enumerated 
it miglit be well to call attention to the fact that out of fjuch 
y;oo1s as are worked in the United States, an average of fifteen per 
cent of fat can be recovered by the solvent process, which at a 
minimum price of three cents a pound, (Vide Part III. Degras), would 
bring 45 cents for every hundred pounds of wool degreased, and if 
to this is adcied also the value of the carbonate of potash racovere^l 
from the rinsing waters, which on an average Trould araount to 25 
cents, net, per one hundred pounds of raw-wool treated, we would 
have 70 cents as the average minimum value of the by-products re- 
covered from every one hundred pounds of raw wool or seven tenths 
of a cent per pound of raw-wool treated. Hence it seems 6afe to say 
that from two to three million dollars worth of wool fat and potash 

are run down the streams and wasted annually in tlie United States, 
alone. If this wool fat instead of being wasted were recovered Eind 
refined and separated into its constituent parts its value woul5. in^ 
crease $Et least five fold, and its uses would be sure to multiply. 
More progress has bean made in the United States in attempts 

at the practical employment of the solvent process than in any other 

« 
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country. Plants have recently been erected in Belgium and Saxony 
Uit not on so large a scale as In this country. The chief opposi- 
tion to them must t>e the revulsion of manufacturers to the giving up 
of old methods. ThoueJi it has been argued that the first cost in 
the erection of a suitable plant for the employment ^ of the ^.^olvent 
process is a serious obstacle. This can hardly be the cade for 
actual calculations were made on designs and plans, by the author^ 
for a plant of a capacity of 2000 pounds daily, such a plant ttouI^ 
cost about $3500. at the utmost for the solvent prooei^;::;, \7hile by 
the old method it TTOuld cost bet\7een #8000. and #12000. 

It was the author's intention to start a plant for the de- 
greasing of wool. But Inf orinat Ion was obtained a short while ago 
through correspondents in Boston, that sttch a plant is already in 
operation In Lawrence, Mass. The Arlington Mills have installed a 
solvent process and claim that it is quite successful. They are 
contemplating Increasing their capacity fourfold. 

As was stated in the preface of this part of the subject, Ed- 
ward Maertens of Providence, Rhode Island, has patented nearly ever^^ 
available part of the process. (Vide U.S. Patents, April 22, 1902. 

Patents 698,207 - 8 - 9 - 10 - 11.) 

An attempt at the solvent process was made in England as early 
as 1895 (Eng. Pat. 20,433, October 29, 1895) in ihich »the wool is 
treated with a heavy petroleum oil ( specific gravity, 0.837 to 
0.878) at a temperature of 120^ F. On cooling the resultant liquid 
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to about 70^ P. the cholesterol of the oiiint separates out as a heavy- 
deposit, while theglycerides remain in solution. This solution is 

» 

rou'yl to be an efficient agent in scouring the wool, leaving it in a 
condition suitable for the subsequent carding, etc. The wool is 
treated with the petroleum oil in an ordinary wool scouring bowl 
fitted with presG^ore rollers. One half to one gallon of sclvont is 
employed for each pound of wool. After about twenty minutes' action 
the greater part of the liquid is drawn off, and the operation is 
repeat, d if necessary. The wool is then treated with water or neu- 
tral soap, rinsed, pressed and dried. After filtration the liquid 
is cooled and the deposit is removed and the clear solution used 
again. This solution may also be employed as a lubricant or for use 
on leather, and since it contains no free fatty acids, it would sacsn 
to be better adapted for either purpose than the analagous mixture 
of degras and petroleu:ii oil''. No explanation is given as to how the 
wool is freed from the heavy oil. 

The freighting expenses from some wool producing districts to 
the mills or wool stores are often as high as tY;o cents per pound, 
and average more than one cent per pound for that part of the clip 
which is consTxiied in the eastern and Middle States, and as the 
average shrinkage of the wool clip is 60 per cent, and sonie rods 
shrinic as high as 80 per cent, it will roacli. ly be seen that in sor.e 

cases these fr.eight chai'ges amount to ten cents per pound on the 
clean wool. By establishing degreasing plants at the principal 
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western shipping points millions of dollars wortli of wool, fat and 
potash could be recovered annually, and from sixty to eighty per cent 
of the freight charges, amounting to several million dollars ^aore 
could also be saved. Such a plan, if it were feasible, would have the 
further advantage of putting the wool upon the market absolutely cle^n 
free from further shrinlcage, and in the most perfect condition for 
working* Though, having wool cleaned at the shipping points, some s^^s- 
tem of grading or sorting the 'tooI according to its qualities would 
necessarily have to be established in order to meet the require2:iont3 
of manufacturing** 
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THE BY-PRODUCTS OF WOOL WASHIIIG. 



(The following work and investigations were carried on, 
mainly during tlie period between August and December 1902, in 
the laboratories of the chemistry Department, of the University 
of c California. For the reference matter nearly all of the libra- 
ies around the bay were consulted.) 



Raw wool consists of, firstly, woolfibre; secondly, mechani- 
cally adhering impurities, as dirt, burs, seeds, etc., thirdly, 
natural encrusting matters which come under the techinal heading 
of "yolk". 

Of these the fibr e is, of course, the essential constituer.t, 
the two other portions constitute the by-products. 

The dlPt consist mainly of nitrogenous matter and some 
potash and phosphates. These are very frequently in a suitable 
condition to be returned to the soil from which they were orij:i:i- 
ally derived* Their value as fertilizing agents seems, however, 
to have been almost wholly ignored in the past. 

The ''yolk^^ is a very important by-product. It is two-fold 
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in character and consists of the wool pr aspiration, or suint, 
which is soluble in water and the wool fat or grease which is 
soluble in ether. 

The suint or sweat is, no douht, derived from the soil of 
the pastures, upon which the sheep feed, - which contains con- 
siderable portions of potash in the various forms of plant grov/tiu 
The potash after circulating throu^ the system of the aniroals 
is excreted with other matter from the skin and becomes attached 
to the wool. 

The sweat consists essentially of the potassium salts, of 
oleic and stearic acids, and possibly other fixed fatty acids, 
also potassium salts of volatile acids like acetic and valerianic 






and small quantities of chlorides, phosphates, and sulphates. 
( 0. f • E. Schulze, Jour, fiir Prakt. Ohimie Vol. 108 pp. 194-riO.^) 
It has been supposed by numerous investigators that the coni- 
binations in which the potassiiun is found in the suint as potas- 
sium soaps is due merely to the saponification of the potassiui^i 



fsj carbonate, excreted in a comparatively pure form in the sv;eat,an 

saponified with the fats slowly by the aid of normal heat and 
light. 

Formerly the entire HBmount of suint was allowed to go to 
waste, when the wool was cleaned, and even now very little is 



# Sadler, Indust. Organic Ohem. Srd Ed. page SOG 
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recovered, though at present there is a disposition to recover 
the potash and potash salts* in fact, the attempt to recover the 
potash has been the object of establishing a special industry 
for converting it into coinmercial products. A number of these 
were exhibited at several of the industrial expositions in Euroiio, 
and especial ^f^tiiention was first made of them tili Uin .PnTlfl 



i i:.i;; J.:^i^zzzi 



at the Paris Exposition in 1867, many of them receiv- 



ing the silver medals. 

The potas h salts ver e recov ered by evaporating and igniting 
the wash waters by means of which a crude potassium carbonate 
was obtained. It is ewtimated that 2,200,000 pounds of this pro- 
duct have been setved from the waste waters of the mills and 
scouring establishments of Prance and Belguin. According to :.l. 
Ohandelon, 2,200 pounds of raw wool may furnish 300 quarts of 
yolk-solution, of specific gravity 1.25, Jia^ing a value of #3.73 
while the cost of extraction does not exceed 60 cents. # 

The various methods of extracting the potash were described 
in brief in Part II. Nearly every process of value is ITully pro- 
tected by patents. The most ir^iportant process is that of Mdme. 
Richard-Lag erie, Roubaix, Prance, (vide Eng. Pat. 13,677, July lo, 

1894.) 



# Sadler, Indust. Organic Ohem. 3rd Ed. page 310 
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\7e cone now to the wool fat^ the portion of the yollc vliicli 
is soluble in ether. This, in brief, consists of several solid 
alcoholic bodies, cholesterine and isocholesterine and other 
highar alcohols and combinations of these bodies with several 
of the fatty acids, as stearic, oleic and palmitic acids, etc. 
jEnough has already been said concerning the general occiuronce 

• 

and preparation of the crude wool fat, se we shall now concen- 
trate our attention on its general properties. 

Wool fat falls under the natural classification of waxes. 
?^e consider the waxes as distinguished from the fats in that they 
consist of ethers, of monohydric alcohols with higher moleculai* 
Treisht, whereas the fats are series of ethers, of trihydric al- 
cohols, such as glycerols, etc. other compounds which come under 
the same category are, Bee^s Wax, Spermaceti, Carnanba Wax, etc. 

Wool fat from different wools or even from the same wools 
at differ rmt times of the year differs considerables in its gen- 
eral constants, such as the Melting-point, Specific-gravity, 3a- 
■% ponificat ion-equivalent, etc. 

These constants have been determined by various people. A 
copjparison of their results together with their extreme values 
is shewn in the table on the following page. The methods used 
for the determination of these values were those of Archbut in 
his book on lubricants. 
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It Is to be noted that all the praxes have characteris- 
tically low saponification values > Hydrocarbon oils, of course, 
have none. In consequence great care must be taKen to free 
the 7rool fat from all traces of the distillate used in the ex- 
traction. The waxes even though quite free from hydrocarbon 
contain considerable quantities of unsaponifiable matters; 
most fats, ho^Tover, do not contain a greater amount of unsapon- 
ifiable matter than from one to five per cent, (chiefly phytos- 

ff 

terol, cholesterol^ etc*). Hence the determination of the un- 
daponifiable matter serves as a method of identifying the sporin 
oils and the v/axes, and serves further as a means of ascertain- 
ing their purity and estimating their proportion in mixtUi^es, 

The Hubl Iodine value serves the same purpose. In this test,- 
(the percentage of iodine absorbed by lOO parts of the substance 
under definite conditions, (Vide Jour* Soc* Ohem. Ind* Vol. Ill, 
p* 641)) depends upon the fact that oils, fats, etc* consist of 
variable proportions of saturated and unsaturated compounds. 
THa latter readily unite with the halogens to form addition 
products, tile former do not* By bringing the oil or the fat 
and the halogen together in solution under conditions v;hich 
reduce substitution to a minimum, it is found t'lat the amount 
of halogen absorbed by each kind of fat and oil is very char- 
acteristic* ' 

The acetyl a ti o n of alcohols is of value in the same vray, 
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for YihGii alcohols are treated with acetic anliydricie they are 
converted Into acetates (esters) 5 the hydrogen or their hy- 
droxyl group or groups being replaced W the acetyl radicle 
O2H3O • For example the cholesterol in the v;ool fat should 
react in the follo^ring rray: 

C26H43OH ^ l^^l^O =: O26H43O • O2H3O ^ C2H4O2 

Cholestaool Acetic Cholesterol Acetic Acid. 

Anhydride Acetate 

Glycerol C3H5(0H)2 would similarly be converted into tria- 
cetin OgHgC O.OgHgO)^, This reaction does not Interest us 
thou^ since no glycerol occurs in the wool fat. It is well 
to know, though, that hydrocarbons are unacted upon* In the 
case of the Bonohydric alcohols lite cholesterol the esters 
formed were crystalline bodies Insoluble in water and they are 
easily washed from acetic acid and weighed. 

A table showing the comparative results of the acetylation 
of the monohydric alcohols is shown on the follov/ing page^. 

Mention must be made of precautions vhich are found es- 
sentail in the determination of the total amount of unsaponi- 
fiable matter in the 7700I fat. The rat must be heated under 
pressure with alcoholic soda solution of double normal strength 



# Prom Archbut, "Lubricants and Lubric^tin,^ Oils". 
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■ I 



Alchol 



Formula 



Wool Pat 



Cholesterol, C^H^/OH 



Spenn-oll Cetyl 



C, H :0H 



Formula I y^viJ c>f /vj.'a/-/ 
Acetate ._ ^,^f 
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G H 0:aH,ol IIl\29 
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Spcjrm-oil 



Octadeoyl C,xHi-r*OH ' CJT^-jOtCiHjO; llo.oo 



Geryl 



C^^H^; :0H 



C-H p:C.H,Oi 110.61 



Car|^|Uba- Myrorylio C..H., •OH 
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ITnsaponlf lable matter^ ( mixed alcohols 

ete#)^ from 



Wool-fat (Crude) 
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■ ( 



112.21 



17.0? 



12#81 



11.69 



y,;m^ ti V, '■••■ '^-i 



' A > ' ~ 

r / ^ '• z' . • - 

16w06 



(Neutral) 



(Another sample) 



112.7 
108.3 



15.53 



15.32 



Sperm-Oil 



115.71 



18#55 



Bees-was 






■ (Another sample) 



106.46 



107.62 



9.84 



10.25 



4 



Garnauba-vaK 



Cholesterol - ( 



Ptire) 



10^.82 



12.14 



13.49 
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for two hours. After the saponlC'ioation and extraction with 
eth€D:r the fonnatlon of a layer of ?fhite Insoluble flocks between 
the aqueous and ethereal liquids is characteristic of wool fat 
and even often, according to some authorities, indicates its 
presence. Lewfcowitsoh has shown {Jcjx. Soc. Chem Ind. Vol. XI, 
P*1S4) that these flocks consist of an insoluble soap formed 
from fatty acids of high molecular weight; they do not belong 
therefore to the unsaponifiable matter and should be sepajrated 
from the washed ethereal liquid by filtration through a small 
dry filter paper* 

The Reichert-Meissl Value or the amount of volatile fatty 
acids present in fats and oils is determined as the number of 
CO of u/io* Alfcali required to neutralize 5 grams of the sub- 
stance. In the case of wool fat it takes 6.5 c.c. of n/iq 
alkali for 5 grams. 

The Hehner value, the perceit age of insoluble fatty coidc 
contained in an oil or fat is in most vegetable and terrestrial 
ll oils and fats about 95*7 except wool fat v;here it is necessarily 

mch lower. 



So much for the numerical constants of the v/ool fat. In 
appeara nce it is sticky and gummy and higly refractive. Its 
color varies from almost a stratr yellow to an opaque anber 
brown - and sometJtaies black. It has a very distinctive and 
disagreeable odor, and possesses a very unpleasant soapy taste 
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The compounds derived from it and the uses to which it 
can be put ytIII be mentioned later - we will first turn to the 
analysis of the fat. 

The first attempts made at an analysis of the wool fat vrere 
made by Qherr&aJL He believed himself capable of distinguishing 
two different substances in the fat. 

1. Very difficulty soluble in alcohol which he called Stear- 
leiLn^ which melted at 60 and could not be saponified with a 
Trater solution of potash. 

Z. A fatty substance easily soluble in alcohol which he 
called Elaierint melting at 15 and saponifiable. He does not 
distinguish further however eHren any of the products obtained "br 
saponification. 

Hartman was the next to taXe up the subject^at Oottingen 
in 1868 • He noted that the wool fat contained no glycerols, but 
did not attempt to: point out what alcohols were contained in it?: 
place. Later he boiled the fat with an alcoholic solution of 
potash in a refia?x condenser until he had a clear solution. 

This solution was treated with a solution of Barium-chlorire 
and the fatty acids were precipitated. Out of the filtrate frcn 
the precipitated Barium soaps there appeared a crystalline sub- 
stance which yielded the identical color reactions of cholester- 
ine determined by Hoppe-Seyler. However , it differed from it in 
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its outward appearance and had a different melting point. By ro- 
cirystalllzation etc., he obtained a substance whicli differed 
from cholesterine very notloably in its composition and yet gave 
the cholesterine reactions very Intensely. He concluded that the 
fat was a combination of cholesterol with fatty acids, but did 
not attempt to identify any of thera. Hartman»s -work did not taJ::e 
him much further. 

Pour years later Schulze tooR up the jxcoblem and his re- 
searches on tlie subject are apparently classic. His first vox'k 
T?as devoted to the careful analysis of the siiint and then later 
he took up his work on the fat proper. His worlc did not come 
under the authors attention until the early part of November, - 
had it done so sooner it would have saved an immense amount of 
unnecessary work. Most of the authors elementary examinations 
were almost precisely the same and were carried out in much the 
same way as SchulzeSt. For example, the first hint that one gets 
as to how to separate the fats is in noting that the wool fat 
is only partially saponified by K H, and that no glycerine its 
forraed. Hence the first step is to separate out the saponifiable 
from the unsaponifiable matter. Conplete saponification is as- 
sured by heating under pressure for twenty hours at a temperature 
of 100^ c. The soaps are extracted with water and the alcohols 
with other. On boiling off the ether from the second portion one 
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can fractionally crystallize from a solution of ether alcohol 
two isorjeric aubstanceSf one of which gives the reactions for 
cholesterine the other that of isocholesterine. 

Schulze made a combination of the crystals obtained and 
found by experiment that the molecular weight and formula corre© 
spends precisely :::ith the theoretical for cholesterine. The for- 
mula proves itself to be C26H440. 

Another method of separating the constituent fats is by 



o 



utilizing the feature of the difficulty of the solubility of th 
fatty acids in alcohol - while the cholestero.ls are comparatively 
easily soluble. According to ohevreul, one part of Oleic acid is 
soluble in only twenty-nine parts of ether while one part of the 
sodiura or potassium salt of the same acid is solved in 100 par:;s 
of ether. The salts of Stearic and palmitic acids are entirely 
insoluble ( Gmelin OhiJniSt Vol. 7, page 1492). Berthelot showed, 
(Ami. ChiMe phys. Vol. 56, page 60), that of the combinations 
of cholesterine with fatty acids the acetic acid-oholesterine- 
cther is very difficulty soluble in alcohol. Butyric acid choles- 
terine ether is very difficulty solubler in even ether, - and 
soluble combinations of cholesterol with the solid fatty acids 
is very unlikely s ince they are themselves very insoluble in ^ 
even boilin^^ gJlcohol > The author f ou id tliat f:.^on thirty to 
forty per cent of the wool fat was coluble iii alcoholt The 
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remaining portion can be almost entirely saponified. By re- 
peated reorystillisation from ether alcoiiol the cholesterol 
fron the soluble portion can be obtained quite puro. Con- 
siderable difficulty v/cs, however, experiejiced in freeing the 
cholesterine from a white flocky substance which had a tendency 
to coLie down with it* As a final resort the difficulty ras 
obviated by crystillization from acetone from which solution 
the rioclQr cubstance r;ill crystallize. 

The substance is mocording to Schulze an isomer of 
cholesterine and isocholesterine, but receivedno further de- 
signation from him. 

An unsuccessful aVcen^t was made to separate the cholestei*-- 
ois by dissolving the whole fat in ether and alcohol ana thai 
diluting the mixture. The cholestorols are entirely insoluble 
in Y/ater and should be precipitated out. They do come down, 
but imbedo-ed in a white flocky precipitate which is so dense 
that it cannot be dealt witli successfully. 

A better method and one which is invariably successful 
and does away with the floculont precipitates entirely is to 
convert the cholestorols into compound esters or benzoatws of 
these bodies, by heating in a closed tube for twenty four 
hours at a temperature of 200^ o. After heating the excess of 
benzoic acid is gotten rid of by shaking with KgOOg. The mix- 
tiu'e is then shaken in a flask with ether. The ethereal layer 
is separated from the watery one and the ctJior is distilloo 
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ott^ The remainder is coclied cat Trith a small portion of al- 
cohol, to separate out the imcombined remaining portion of 
^ cholesterol t etc* The combined benzoic acid ethers reraain be- 

hind as a light yellow crystal pOT^der. They are difficultly 
soluble in alcohol and are only slowly soluble in elher* The 
cold saturated ether solution is concentrated slowly over %S0^ 
Two dirferent kinds of crystals appear* One kind small, thiol:, 
and rectangular - the other v/hite, loose, fine needles. 
The latter are easily washed off from the former and then each 
, can be repurified by recrystAHisation from ether. The plates 

appear to be benzoic acid - chclesterine - ether - , in 
other words cholesteryl - benzoate, (Vide Berthelot, Gnelin- 
Chemie, V* 7, p.1492), and if so are no doubt of the formula 

^26^43^ ■" ^7%0« By decomposition v/ith an alcoholic solution 
of potash they can be decomposed into potassium benzoate r.nd 
pure chclesterine (OggH^^OH), the latter crystAllisinp; from 
alcohol without a flocky precipitate* 



i 



Let us pause hesre for a moment and loclc into the subject 
of - 

OHOLESTEraiJE. 

Chclesterine was first discovered by conradi in 1775 in ^ 
gallstones. Since then it has been found in hiuiian bile, in 
blood and in the brain; in epidermis and in hair; it is also 
present in various morbid products of the animal body, e*g. cor- 



• r 



• « ; 



• •. 



f • » * 



• 1 



« i 



( % 



r 



i» 



{ ■• 



.'S ' * 



1*1 



-- :r 






* • • 



:• Bi 



; • 



« si 



>. 



u 



^ r * • •. ... 



• . «■ 



I 



I . •! 



• I . V 



• r . 



r* 



w 



^ • • 



I t 



' > 



\..i.. 



t 



*- 1 V - 



i* 



« . 



I 



i 



J. : 



• ' r4t 



• .' ' 



J.. . 









ebral concretions, scirrhous mattor of the merocolon, hydropic 
liquids of the stomach and of the testicles, etc. It is found 
too in horn and hoofs; in whalebones, tortcise, shell, fecthers, 
and bristles and occurs in smaller quantities in liver oiljp, 
( Sliark and cod e.g.), and is characteristic of animal oils 
generally. Its most abundant source is, ho;vever, in ttooI 
grease, in which it was first detected by Hartman Cc Schulse. 
A very similar substance phytosterol, the cholesterol of plants, 
is found in the unsaponif iable natter of rape and olive oil 
and in most, if not all of the vegetable seed oils* 

Both compounds are colorless and tasteless, they are 
crystalline bodies v/ith a greasy feel and a high melting pount. 
They are insoluble in water, sparingly soluble in cold alcohol 
but easily soluble in hot alcohol, ether end chloroform and are 
freely soluble in the neutral fats and fatty acids. 

Cholosterine crystallises out of alcohol in thin white 
nacreous, monoclinic, laininae with a melting pount of 145^. 
out of alcohol ether it crystallizes as weaX, easily broken, 
large, rhombic plates. It crystallizes out of ether in prisiis. 
According to Thorpe it sublimes unchanged at 200^ tmt is de- 
composed at higher tenperaturtjs. Richter states that it dis- 
tills at 360^ with scarcely any decomposition, v/hile Beilstein 
claims tliat it cannot be distilled at 360^ without being des- 
troyed unless the distillation be conducted in a vacurjn, - at 
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higher temperatures It breaks down Into CgHg, cholesta:ilen 
(CggH ), products of the series G^E^^ (boiling-point 140^), 
028^44 (boiling point 240^) and other bodies* (For the author's 
own work on IBlis subject see the latter part of the paper.) 

Cholesterine rotates a ray of polarized light to the left. 
Its specific rotary poorer being - 27 .5^ for rod D:ad 34.5^ for 
yellow light. Lindenmeyer has made the follov/ing determination 
of the laevogyratory power of cholesterine for the different 
fixed lines in the spectruia^ 

B D E b F G 
20.63^ 25*54^ Sl.59^ 19.91^ 41.92^ 48.65^ 62*S7^ 

The rotary power of cholesterine serves as a means of 
quickly estaiaatinc its proportion in various oils such as alinonc. 
oil, cod li\-er oil, etc., and of distinguishing those oils froi:: 
others which do not possess the laevorotary pc\7er (e*g* popi:y, 
sesame, olive, rape oil, etc.). 

Tlio ease with which chol esteri ne is decompose d losing its 
water - to forrn cholesteriien, 

^26^44* ° "" -^2° - ^26^42^ 

shows tlii t it per takes of the nature of an alcohol; it is in 
fact homologous with cinnarayl alcohol and its fornnila r.i^-y be 



# Watts Diet* of Chemistry. 
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written 026H43.0H*# Heated with organic acids as acetic ^ buty- 
ric 5 benzoic or stearic acido it forms compoMnd esters, e. g* 

Stearic Cholosterine Stearate of 
acid.- Cholesterine. 

This behavior is similar to that of all tertiatS^/alcohols T/it:; 

organic acids in watery solutions • 

TESTS FOR 0HOLESTERIHS> 

The reaction of cholesterine with HoSO. is best exhibited 
by dissolving a few centigrams of cholesterine in about 2 c. c. 
of chloroform and then shaking it with its own bulk of strong 
II0SO4 • The chloroform quickly becomes blood red and then cherr;- 
red or purple, a color which it retains for several days. A fev- 
drops poured into a baoln become blue, green, and then yellov:. 
This change seeiis to be due to traces of noisture, and the ori,;- 
inal color may be restored by H2SO4 • The H2SO4 under the chloro- 
form presents a distinct green fluorescence. When dropped into 
^ glacial acetic acid the liguid, in about half an hour becomes 

violet, or if ruich diluted rose colored with a green fluore?.ieo..u^; 



f ( Oinnanyl alcohol has the formula CgH^. CH. CHoOH.by 
the addition of 17 nolocules of OHg we would obtain O26H44O, 
Cholesterine. hence its homology to cinnamylalcohol. ) 
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and exhibits such a reseiriblanoe to the liquid obtained by dilut- 
ing Pettenkofers' test for bile acids, T/rith glacial acetic aci , 
that it is often impossible to distinguish then^^j^ 

Lewlcowitich believes that the green fluorescence is due to 
the presence of isocholesterine«# # 

On triturating cholesterine with concentrated sulpjiuric ac Id 
and then adding chloroform the same blood red solution is forneC, 
which on addition of strong H KQ^ becomes violet, then blue anu 
afterv/ards colorless. 

With concentrated I^SO^ and a little iodine a solution or 
cholesterine becomes violet, blue, green and then colorless. 

If to a cold solution of cholesterine in acetic anbjrdride 

- — 

concentrated sulphuric acid be added drop by drop without shaliiivj, 
a violet coloration, qaiclcly changing to blue, is produced where 
the liquids meet. On shaking the whole liquid becomes de-p 11;::' 
slowly changing to green or bluish green. This reaction is very 
delicate and is given by less than one mg. of cholesterine in 
.J^ 2 c. c. of acetic anbydride. Isocholesterine gives the same re- 

action, (Schulze). A violet coloration is given also by colo- 



# British Pharmacopeia. 
# 7/^ Haramersten Physiolg. Ohem. - 
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phony and rosin-oil in acetic anhydride but in these oases the 
color which is produced by one drop of HgSO^ and shaKing does 
not change the blue but either fades to a neutral tint or chans'os 
to a broY/n or yellow color* 

¥ith H NOji^ t (Schiff). A crystal of cholesterine heai^od v:!::- 
a cltop of concentrated HNOg and slowly evaporated leaves a yellcv: 
spot which is turned red by NH OH. I so cholesterine gives the 
same reaction* 

If a little cholesterine be triturated with a drop of a 
mixture of three volumes of strong HCl and one volume of Per^Cl.- 



solution and' be slowly evaporated to dryness, the particles v^hich 
remain undissolved assume a violet red color changing to blue. 
Some other substances, however, such as turpentine and camphor 
behave in the same way* Isocholesterine does not give this re- 
action. (Schiff). 



BEHAVIOR WITH REAGENTS. 

VThen strong Hg^SO^ is added gradually to a slightly heated 
mixture of cholesterine and dilute HSSO4, the cholesterine In- 
comes soft and decomposes, giving off all of its oxygen in the 
form of HgO, and is changed without evolution of gas into ttecc 
isomeric hydrocarbons, which Zwenger designates, as cholesterir.o, 
A, B and 0; - they are insoluble in water and may be freed from 



T 



Liebermann. - 
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H0SO4 by 7.'ashing in H^O. These hydrocarbons are very easily crrr- 
tallizable and like cholesterine are rerarl^ble for possessing 
* high melting points. (A) has an earthy aspect and am. p. of 

i 

240^ 0.,and is only sparingly soluble in ether. (B) forms oniii- 

ing scales melting at 255^ , and is moderately soluble in hot 

ether, (if Icept in the fused state it loses its pernor of crys- 

tallzing, ) (C) is resinous without appearance of orystaliaation 

t and melts at 127°, it is also soluble in hot ether. 

i 

When cholesteric is treated 7;ith HIIO3 in a retort with a 

refluz condenser - a resinous va&ss is formed which is slowly 

dissolved after prolonged boiling with excess of nitric acid. The 

liquid when sufficiently concentrated in the retort leaves an 

acid gummy residue containing a large quantity of cholesterine 

acid and a resinous substance. The residue on cooling separates 

into two layers, the upper of which consists of crystalisable 

choloidanic acid, while the lower which is viscid consists chie.:- 

ly of cholesteriB acid containing a little oxalic acid. On sct- 

^ urating this liquid with 1014 OH., and precipitating with AgN03, 

and boiling tlie precipitate with HgO, cholesterate of silvou? i^. 

deposited. in cirystalline crusts, which when dsconiposed by sul- 






phuretted hydrogen yield cholesteric acid* This acid is a yel- 
lowish gummy solid resenibling the gum of the cherry-tree. It it3 
ieliquescent; v-ry slluble in HgO and alcohol; has an acid, bit- 
tor, astringent taste and is decomposed by distilling, jivin:: c V 
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bitter vapors and leaving a considerable quantity of clit.rccs.1 
The allcaline sind earthy salts are uncrystalisable, wliilo the 



salts of the heavy inetals are insoluble. Its formula is supi.oco/ 

JL 

42^4 

By oxidation with ^2^n^4:^ cholesterine is said *to yield 



to be CggH.^0..^^ 



three oxyacids. - Cholesteric • acid (026^42^4) oxyoho lest eric 
acid (O26H42O5) anddioxycholest^ric acid ( C H ). These ac:-:-j 
are soluble in II E OK ajicl form amorphous precipitates T;ith all 



'-IT !■ 



metals; those of drioxyoholesteric acid dissolve in benzine, 
are insoluble in alcohol and ether; those of the o:^5r-acici iia- 
solve in. benzine and ether while those of cholesteric acid dio- 
solve in alcohol, ether and benzine. (Latschinoff (Bull. Soc. 
Chim . (2), XXVII, 456). 

Oxidized for twelve hours with H2SO4 and Pl2Cr4Q«f, cholester- 
ine yields a white amorphous acid product liaving the compositici! 
of oxycholio acid C23H40O6 together with small quantities of t: v 
lOTor terns of the fatty acid series (probably ac^^tic propio-iio 
9 and butyric acids). 

(L. Henry Ber. d. Deutccli. Chen. Ges. V. 5569). 
Cholesterine re sists the paction of concentrated alXalino_ 
solutions erven at the boiling heat, but line decomposes it at 
about 250 C/nydrogen being given off and the cholesterine coir..:. 
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converted into an eonorphous fatty body nearly insolu'ble) in al-- 
cohol* 

V^itli concentrated phosphoric acid, Cholesterine forms tv:o 
coinpounds, called cholesterone dC and B, isomeric with each otiaor, 

but differing in their physical properties. Cholesterone,,^ fornc 

o 
very brilliant rectangular prisms melting at 68 c, and distil- 
ling almo&t without alteration easily soluble in alcolioi i:ncl 
ether. The modification B forms small silky needles sparingly 
soluble in ether nearly insoluble in alcohol. 

Cholesterine treated with phosphorous perchlcride, POlrj, 
yields neutral phosphuretted bodies vrhich are difficult to puri-"^/, 
and resemble the so-caJLledmyolin group. 

( Ann. Chiin.* Pharm. CLVII, 234). 

Cholesterine is attacked by chlorine and broiiine yielding 
substitution products. The chlorine compounds are Oo6^s6^-^8°' 
and G2G^4S. CI. (Beilstcin). 

The benzoate of cholesterine (C26H43O •C7H5O) crystalli^cc 

in small shining micaceous laminae which ::ielt betireen 125 - 

o 

135 Ct it dis^jolveo with moderate facility in ether and is spr.:-^- 

insly soluble in boiling alcohol. 

The butyrate of oliolestorine ( 023^43 • C4H7O) is easily 
fusible and somwwhat soluble in hot alcohol. 

The Stearate (CpfiH4y0 . O18H35O) crystallizes in small shin- 
es?- 
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ing needles having a neutral reaction. It is sparingly soluble 
in cold ether nearly insoluble in even boiling alcohol. (Butto- 

lot). " 

The acetate (G^.^H^.^.Q • O2H3O2) is produced by treating clio- 

lesterine with acetyl cliloride. It crystallizes in small color- 

.less needles melting at 92 p. (Henry), 

Cholesterine Aiiilne (036H430 • NH2)f Is prepared from the 

chloride, (026^4301)^ ty digestion ifrith alcoholic anmonia. It 

crystallizes in small plates melting at 104^ • (Heniy), 

ISOOHOLESTERINJS* 



It TOLS mentioned previously that the portion or the wool 
fat v;iiich is soluble. in alcohol, the unsaponifiable portion^ con- 
sists almost wholly of two isomeric monohydric alcohols, one 
cholesterin, the other isOcholesterine. These alcohols are ser"- 
rated in the last method mentioned, by conversion into the ben- 
zoic esters of these bodies, by which means the cholesterine i'? 
obtained in the form of small rectangular plates, the isO- 
cholesterine in the form of needle like crystals. These later 
crystals on decomposition by means of alcoholic potash in a re- 
flux condenser yield potassium benzoate and i so cholesterine* This 
compoi,md Schul^e found to have precisely the same formula p.s 
chclesterin. Prom concentrated alcoholic solutions it -'ippf3ars f\i\ 
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a gelatinous EBass^« from dilute solutions in Trhite flocl^s. It cryc- 
tallizes from ether or acetone in fine transparent needles, which 
on filtering off and drying have a white porous shining lustre. 
The crystals melt at 137-*^C to a colorlesfj fluidity ^rhich on 
cooling appears as a "brittle, glassy, transparent mass. A mix- 
ture of cholesterine and isocholesterine is found to melt con- 
siderably lower than either compound* 

Most of the test reactions are the same as those of choles- 
terine; it is though distinguished from this substance in the 
test with H2SO4, chloroform and FegClg* 

The differences between the three isomeric substances choles- 
terine, isocholesterlne and phylosterine is shown in the fol- 



lowing table:- 



.Oholesterine 

1 

1 
Point of Fusion' 146^-1480 

. ; (Boner) 

Thin rhombic 



Crystalline 
form. 



Isocholesterlne Fhytostorino > 



137^-=- 1S8^ 



Flocks from di- 
plates of C26 lute alcohol; a 
H^QO.Ag, from jolly from conr- 
hCx alcohol and; centrated alco- 
ether. Anhydr- ;hol; - needles 
'ous needles ifro::-: etho? • 
fron: chloro- 
form. 



135.5© - 141^ 
( Boiner ) 



Tufts and 
needles, Ogc 
' K^O.Ag- i^?on: 
t hot alcohol.- 
i Anhydrous 
5 ne^cIleG fror: 
j ethar c.nd chlo- 
toform. 



According to Boiner these alcohols cannot be separated by 
crystallization. Lewlcowitsoh denies this. (Vide Jour. Soc. 
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Ghem. Ind. Vols. IX & XI.) The author •s work agrees ^vlth that 
of the latter investigator. 

COMPOUiPS OF ISOCHOLESTJ:RINE. 

The benzoate is found to melt at 190^ - 191^ C; is very 
slightly soluble in alcohol, nor e solLible in hot acetone and 
still more easily soluble in ether, from which it separatee ir 
microscopic nc^.dles. It is an isomer of benzoic-acid-choles- 
t urine-ether. 

The acetate is preparoc. by heating the isochclesterine "jith 
acetyl chloride on a reflux condenser until no more H 01 is 
evolved. Tlio fluid i::; then shut up in a tube and hoiitod on tli-^ 
:7at3r bath for c;ome time. The surplus acetyl chloride is gottcz'. 
rid of by dilution and the resulting ether is taken up and 
crystallized out of alcohol. It apT-ears as a white amorphotis 
mass. 

Isocholesterine iss eccily soluble in ho t acetic acid vhich 
on cooling separatt:;s out a compound of isocholestcrinc and 
acetic acid, - in a white flocky precipitate which on heating 
again loses its acetic acid. 

Isocholesterin Ste^ arato^ was prepared by Berthelot by 
heating isocholesterine with stearic acid in a closed tube at 
20C^0. The product melts at 72^0. and has a very fine necdlo- 
lilce powdery appearance. It is only slightly r:3Cluble in boil- 
ing: alcohol, appearing froin the cold dilute solution rs -hi^Ai 
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Phospiiorov:s pcrchlorlde converts isocholesterine Into a 
yellow-resinous mass easily soluble in ether, slightly so.labl 
1.1 •'^•looliol and having the composition of isooholestsrine 
chloride (C26H43CI.) 



2here Is also a third alcohol present in the soluble por- 
tion of the fat. This is shOwn by the lov; carbon content or 
the mass of raw alcohol v/hen decomposed v^ith alcoholic potash^ 
It does not occur in very appreciable quantities and cr.n only 
be obtained froi; repeated recrystallization of the mo th(-)r sub- 
stance txom acetone* 



LANOLIH. 
The entire saponiflable portion of the wool fat is found 
in comirierce mixed v/ith nbout thirty per cent of water, under 
the name of lanoline* Coiir/iercially this is the m.ost import :.iil 
product which can be obtain^jd from the raw fat. It commands a 
price in the r/holesTile market or from 30c. to 40c. a pov.i:d. It 
is highly prized because of its wonderful medicinal proP'>^"-''^' ^ 



w/U. «> , 



It does net bccone rancid, is quite antiseptic, and is absor' ec 
by m.ost animal tissues with remarkable ?.vidity. ::o cvj?cAC'y.cc 
is knovrn of the same nature which has as ?:rach resorbtive power; 
(it will take up 110 per cent of its own weight of water) It 
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has been found moreaver to "constitute an excellent remedy for 
cuts and burns. In the case of cuts^ especially after a caro- 
xvl rnnointing T7ith lanolin, scale is never formed, the sub- 
stance acting according to Fraukel as a preventative. It is 
noticeable that cuts when protected by an application of lanolin 
can be cooled in a rapid stream of Tiratvar Trithout danger of ro- 
raoving the lanolin. Bleeding ic arrested almost instantly", v 

"In agricultui*€tl circles, lanolin has attracted consjder- 
able attention on account of its property of preserving the 
elasticity of hoofs and the suppleness of leather. It ovres itr. 
superiority in this rospect tp its ability tc nix v;ith v/r.ter^ 
in consequence of v;hlch it penetrates better than any other rate 
into moist leather and the deep layers of the skin and of the 
hoof" . *^ 

The better qualities of lanolin are of a yellovrish v-hito 
color and have the consistency of cl stiff ointment. It slioulcl 
always have a neutral reaction. It melts at 138^0. 

It was first prepai*aj. on' a coirr.eroial scale in Gerrnanj^ in 
1882 by Braun and Liebrich, (Jour. Soc. Che:n. Inc.. lol. IX p, 
S56). Thoy described theii? product as a combination of pure 
wool fat and water, but the appeara.xe of tlio ::;crpar at ion cnc"-- 



# National DispenoVitory. 
## Thorpe, Diet, of Chem. Vol. II, p. 398 
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ed tli' t it was far fro::i piire. The color of tliiij cnhydroLis 
wool -fat was of a gre-enish brown, and vrlic-m inixecl with v:ctor 
a dirty yellow, containing still free fatty acids and if kept 
for soi'io time even in a closed vessel it ascvjnefl a brovn: color 
on the siarface besides retaining the characteristic disagree- 
able smell of sheep. .It was prepared as follows:- "The frocii 
wash water from the scouring plant are passed into a ccntiiiV.grl 
rachine in which the ciirt and w-citer are separated fror. the fei:* 
The fat warn tl:us obtained w i fi i i t h constitutefi the raw lanolin 
is kneaded in a stream of cold water until the water wliich 
flows away is as clear as the flowing water. The raw Irnolino 
is heat(,d with water whereby it is separatv.d into water and fat 
and the latter is skimmed off. It is then reworked in a ce/:ti\i- 
fugal machine dissolved in ethyl or methyl alcohol for purif lec- 
tion. The fat so cleansed is kneaded ^::ith water and placed on 
the market as lanollne* 

Another process was patented in England in 1886 by A. V^ 
Langbeck and A* Rlstert ^, in which r&w-v;ocl-fc.t is treated 
with boiling alcohol containing about ten per cent of ether, 
by which r:ioc.ns the fr e fatyy acids, free cholesterine and Ico- 
cholesterine and the volatile fatty acios present in the wool 
fat are dissolved out. The reir.alniWcholest-:rino ethers are ther. 



# Jour* Soc* Ohem. Ind. Vol. IX 
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treated vjitli ctean In order to drive ofr remnants or the sol- 
vent. Or, the raw fat is dissolved in etiier and the cholest:^r- 
ine ethers separated by the addition of alcohol. Thus puriflcC 
they are mixed \7ith about twenty per cent of v/ator and called 
••cholesterlnol". However, wool fat thus purified leavoL, r:!uch 
to be desired as the presence of wakllke cholestcrlne ethers 
of higher melting point render it tough and brittle and no.ke it 
unfit for pharmaceaitical purposes. Patents were later taken 
out By the same men by which the raw fat was Y:or!cod by separat- 
ing the free fatty acids by means of a ;jolvent, such as alco- 
hoi mixed either with chloroform, CSg, acetone, benzoline or 
naphtha or by disti.i:-i:ig off the fatty acids, preferably by 
superheated steam at a temperature of 400^- 450^P. The fatty 
residue after the separation of the fatty acids, Is then fil- 
tered through animal cheo^coal, (especially that knoTr»i as pruc- 
slate waste), either by maintaining the fatty matter in a fluid 
condition, by heat apicliod to it and to the filter or by f irr;t 
dissolving in bonzoline, OS or acetone and filtering the so- 
lution. The solvent Is then recovered by distillation and 
steam or warm air Is blown through the fatty matter until all 
traces of the solvent disappear* The so piirified fat is anlir- 
drous, of a yeir-cw color and free froni smell; if . requireo' at: a 
basi^ for ointments, pomatums, etc., it is mixed with fron 
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tT^renty to thirty per cent of either v-ator or HgOg. The 
material therx produced is pure white. 

A* von Rad of Bavaria, Germany, patented a process in 
1887, in which he utilised the lyes i'roi.. v-ashin^-: T;orks. Thec:^ 
are precipitated with slaJiecL lirne and deodorized v/ith chlorinat- 
ed lirne or pern-anganate of sodium or potassium. The precipi- 
tate is then dissolved out successively by alcohol benzire, 
CSr., benzol and a mixture of 'ether and chlorofor;:i, and in order 
to givd the fats a proper con:5ist'3nG7 he mixes vjith them a 
neutral ethyl or methyl ester of oleic acid and calls it "fcane- 
sine". Later on he obtained a second patent by which he treatt* 
the raw fat v/ith alcohol and sulphuric acid thor^^by changing 
the free fatty acids into the corrssponding esters. 

A process was patented in France by 0. Baron (Rev. Ohir.:» 
Ind. 1897, VII, p. Ill) whereby 800 kilos of crude greace r.:.^. 
placed in an auto-clave with 100 litres of NaOH, (3.25^B)^ and 
boiled with live steam for three hours at a pressure of two 



atmospheres. 20C kilos of water and 300 of acetic ether ai 



t r '' 



next introduced and the agitation is continued for eicht ho-ir:: 
at a pressure of four atmospheres. The whole is then allorod 



to rest until thc^ liquidci separate. The ethereal layer i 



r* 
O 



dravm off and washed with water v;hich is at first made oIil:,!: -;•-:•:: 
alkaline and then warmed to 60^. It is final "?y filtered anC 
the acetic ether distilled off. The r':.cidue is sold as lano- 
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line. The aqueoutj liq'iid ic decoiTpOoed with siLLphuric acid 
and the -ctty acidB are wasliod and n:.de into soaps. 



REOOVERY OF SOAPS FROi: XJOOL TAT. 



The idea uras long ago conceived of separatl'^s !^ho :?atty 
acids contained in the grease ^j.nd rendGrin:^ the-i Guitablo '2ov 
the manufacture of soap. 

Buisine was the first to attempt a process on a lar^e ccr,?- , 
(Ber. c.. Den* Chem.. aes. 1885 Refer. 5467 )• He heatv;d lii.tj 
rith the fat, under a pressure of eight atmospherob, then the 
cholesterines were distilled off v;ith ;:;ulJo:'hc^?.tod steam vvA t/.o 
nonsaponifiable admixtures T^ere extractod by means of a colvei:t. 
Prom the lime soap r^.Ti^^inin?- behind the fatty acids T7ero obtc.l'i- 
ed "y the addition of hydrochloric acid. The viscous cli o ob- 
tained fro-: the T;ash T/ators by precipitation \7ith lime v:erc v.i:'.C 
in the sam.e v/ay. 

Later Violetie v;orlcinr: at the same establishment as Buisir.o, 
in Lille, tooi: out a patent on the follovring process, ( Crcr* 
Pat* 3^:5015 Oct. 25, 1889) • The dried y;oo1 fat is heatod \7it:i 
solid alkali at a tem'oorature of rbout 300^0*, the air being 
excluded, for wlich purpose superheated steam or an indifferent 
gas is conducted througl^ the apparatus* In this reaction the- 
fctty acids are no doubt fixed Y.ri+hcut alteration as allcaliiie 
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soaps, after Tdiicli tlie alliali acts at a sufricientli'' lilgh ten- 
peratiiro upon t".:e neutral esters to decompose them into tlieir 
constituents; namely oleic, stearic, cerotic acids etc., ( ^/^iiio'n 
are read.ily fixed a3 soda soaps.), 4nd to alcohol corylic cloo- 
hols cholesterine, isocholesterine, etc. The socpc ai*e dis- 
solved out of the mass by neanc of rater out of which they 
crystallize on cooling. They are then decor.poed directly or 
through transposition ^vith acids into potacsiUixi soaps. There 
results a mixture of fat and oleic acids v;hich aru separated by 
means of fractional distil-L.e;tion and filter presses. 

In Yorkshire, England, the ::ats resulting fr i the soap 
suds and other ^vaste liquors are regained and utilized in the 
soap industry. The method of recovery is as follcro:- The 
soap suds and Yraste liquors are conducted into lar^e tanlis, 
holding from six to eight thousand gallons, and acidulated vitn 
HgSO^ or HOI. After standing for sane hours a fatty mass, the 
so-called magma, separates out and deposits on the bottom of 
the tan}:. This is throisn: on filter beds, pressure and heat 
applied and the product obtained, a sticky grease of a brovvn 
to black color is the "Yorkshire fat". This is sometimes usee 
in the manufacture of soap, for oiling and for other lubricati::-; 
purposes. It is, though, most frequentlj'' subjected to distilla- 
tion 7.-ith superheated steam, which process yields "spirit oi: . 
grease, green oil, pitch, water, etc." The fii^tjt distilled 
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grease Is seeded Y/ith oelln and filtered and pressed* "This 
olein T/ith soda foms an extraordinary gelatinous soap from 
i?7hioh free oil cannot be extracted even with ether*" Another 
product is obtrined by adding 25 per cent paraffine^ which 
makes a valuable leather dressing* 



One of the Glasgow wool mills tooK out a patent in 1893 7/' 
which covers a process for separating soap and lanoline by 
adding to 100 parts of the grease, - contained in a vessel heat- 
ed by steam a solution of potasciuii bicarbonate or borax of 
about 8^ Tw. (soo parts) and boiling for six hours* After 
settling the vossel is heated by direct fire and a solution of 
NaOH (25 parts) added at a strength of 30^ Tw and the mixture 
is boiled for three hours • The suint rises to the surface as 
a thick pasty scum, as soon as the fire is drawn, while imder- 
neath it, remains a piire, dark colored olein soap which by 
boiling down bxA tbe addition of small quantities of KOH (35^v;) 
and mixing with pale soap (5 parts) and cocoaiT-it oil soap (2-1/3 
parts) or olive oil (5 parts) is converted into a marketable 
product* 

Messrs* Jaffe end Darmstadter patented a process in which 
the constituents are separated by emulsification with vege- 
table fibres, saponine or drugs containing pancreatine* The 
soaps are then precipitated with salts of the alkaline esTths 
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or the heavy metals and extracted with solvents. This method 
does not, however, seem practicable since the emulsified 7700I 
fat forms, T*ien stirred or shale en with any of these solvents, 
a jelly which it is almost impossible to separate. 

Recovered soap is in itself unfit for washing purposes be- 
cause it contains a large amount of soap which does not give 
a good lathor T:i1ii water. . It contains besides a small quantitj^ 
of cholesterine ethers of a high Inelting point. Since the raw 
fat is unsuitable for giving a hard soap it might be advisable 
to separate those soaps which are insoluble in cold diltito 
spirit by filtering from those soluble in that medium and use 
them not by themselves but in addition to soap* In that way a 
hard soap would be obtained. 

The soap ranaining on the filter after saponification of 
the raw fat is insolvible in water but is soluble in hot allcali* 
If it is filtered cold through flannel bags; the filtered liqui'? 
can be recovered by distilling off th® solvent. Whilst the 
remnant on the filters c^m be made use of, after decomposition 
with acids for the manufacture of candles. 

A property of the^ wool fat *that has not yet been t6ch- 
nically utilized in thB attempts to manufacture soap from it, - 
is its capability of absorbing large quantities of sulphiirettec^ 
hydrogen and combining with it. After saturation the fat 
readily saponifies with soda at lovr t^nperatures, carbonic acid 
being evolved* Saponificatio:i may also be effected diroctly — 
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with alfcaline suljihldcs without the evolution of HgS. By 
this process a product Is Obtained which, according to Borchers, 
M "deviates completely txon the properties or Its constituents 

and may be considered a true soap". The sulphur soap thus 
obtained yields but little lather and has a slightly disagree- 
able odor. These soaps like sc many of the other sulphur soa.:.v,: 
noy be used as a remedial agent In skin diseases, otlierwice 
they would possess no distinctive advantages over other soaps 
of the same nature. 



OTHER METHODS FOR SEPARATING THE CONSTITUENTS OF THE WOCL PAT. 



Lanlchol, a product described In a Canadian patent Is 
prepared by separating Irapurltles of an albunlnous guiairy or 
similar character from the fat by boiling nine parts of wool 
grease with as much raslnate of soda, (made by boiling together 
rosin and twice its weight of soda crystals), as contains o::e 
part of rosin. Brine is added and the whole boiled up with 
steam, enou^ salt being added to prevent thr whole of the grecL::e 
from going into solution. The undissolved greaoe is boiled up 
repeatedly with brine to w-sh out impurities and finally with 
water containing alkali in solution. Free fatty acids dissolve.';, 
in the grease are washed out. On standing "lanichol" rises to 
the surface, whilst good soap stock is obtained ttn treating the 
soapy wash waters with salt. 
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L. Darmstadter claims to have iGOlatco several nex: acidn 
from saponified wool fat. (Jour. 6oc. Chem* Ind* Vol* XV)* 
He says: on saponifying wool fat and extracting the saponified 
substance with petroleum ether and then with alcohol, a new 
acid, lanocerlnic acid, {O^qRqqO/^^^ Is botained* This acid 
loses water to forrn the anhydride ((^^(fiQQO^)^ The anliydride 
breaks down to form a lac tonic decomposition product, C^oHgoO^ 
this substance Is identical with menthol. The residual soap 
Is dissolved in dilute alcohol and carefully decomposed with 
dilute HCl* The lanocerlnic acid is almost Insoluble in ILC 
and cold alcohol, but it is easily soluble iia hot alcohol fron 
which it crystallizes as small plates (n*p* 104^-- 5<^0.) • 
The extract from the above mentioned soap consists of three al- 
cohols, one of which has been indentified as cholesterol. 

Lewkowitsch dehydrated the wool fat by malting and allo-ri:ii' 
the water to subside. The anhydrous fat was then dissolved in 
absolute alcohol by means of metallic codiiim in a reflux conden- 
ser. The alcohol war. distilled off and the lat shaken up v/ith 
ether and water. (1). The ethereal layer on the top seemocl to 
conciot of an ethereal solution of the alcohols, the uncapon- 
ifiable matter. (2). The agueous layer on the bottom being 
a solution of soap. (3) An intermediate thick layer repr.^sent- 
inK a soap sparingly soluble in water. The sair.e investigator 
claims that tlje cholesterols can always be readily separat .c 
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from those of the aliphatic series becBUse of the behaviotir o:f 
the latter tOTTards soda lime yrhen they are co'rxVerted into the 
corresponding fatty acids. 

Newneister claims that one of the best solvents for 
separating cholesterine from the fatty acids is acet-acetic- 
acid - ettyl--ester. Cholestorine is quite soluble in it while 
the fatty acids are not* 

A* Buisine claims (ocmpte Rendu Vol* 134 , p* 66), to 
have isolated the following. substances from the ^vool grease: 
"Carbon-dioxide, ammonia, and potassium carbonate, - acetic, 
propionic, butyric, baldrianic, caprionic and cerotic acids 
all united with potas^jium* Further he claimed to have found 
phenol (as phenol sulphuric acid), lactic^ benzoic, oxalic, 
siiccinio and uric acids: - glycocol, leucin, tyrosin and c;iii>- 
ilar dye stuffs* The substE.rices named were all foiuid in not- 
able quantities. Suint of an Australian wool had for example 

» 

in 100 parts, remainder, 7*1 poitLons of acetic acid, 4 parts 
of propionic acid, 2*6 parts benzoic acid, 2.5 parts lactic 
c.cid and 1 part of aaprioic acid. » These statements certain:- 
ly seem very bold. Perhaps the occurrence of phenol, ben- 
zoic acid, etc., could be accounted for by the wool having 
be'^n enersed in sheep dip. 

There is a patent out coveriiic; the simple methods already 
brought forward, by tlie riieans of which- the fat is separated 
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into Its constituents by boiling in solvents only* By this 
means the. fat is separated into three primary and tw) second^o^y 
products by means of acetone-alcoholand alcohol-acetone* Ey 
dissolving in acetone-alcohol products designated as #4, 1 and 
3 are obtained* The fat is then digested in hot acetone and 
cooled until the solution is saturated with the product #5#- 
It is then decanted off find #5 is recovered by distilling off 
the acetone. The same process is then gone through with al- 
cohol and #1 is produced. The fat remaining is called #3. The 
?M product is the residue after the removal of #5. The alcohol- 
acetone process consists in mixing elcohol with the raw fat* 

#1 goes into scliTtion, the remaining substance is #2, Y/hich ie 

» 

a mixture of #3 and #4. After freeing from alcohol s.nd in- 
corporating with cold acetone #3 goes into solution and #4 re- 
mains behind* #1 is a transparent fluid or serai-fluid of a 
yellovrish red color, inodorous 9 and soluble in cold acetone 
and cold alcohol. It is composed of fatty esters and resinous 
gumny matters. When dissolved in 76^13 naphtha, the resinous 
matter precipitates on standing. #2 is a mixture of #3 and #4» 
#3 is an oily opaque fluid or semi-fluid cjolid, inodorus^ and 
soluble in cold alcohol. It consists of a mixture of esters 
of isocholesterine and allied bodies* #4 is an opaque solid 
and inodorous, wa^y, fatty natter of a whitish color and con- 
sists of a ?TLxture of esters or fats of cholesterine, insoluble 
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or but slightly soluble In cold or hot alcohol and cold ace- 
tone, but quite soluble in SO times its volume of boiling 
acetone* 

The author had adopted a method in the early part of the 
invoGtirations similar to that just described^ The separated 
grease was, hov/evei% first purified by dis^^olvinc in petro- 
leunHether and allowing the dirt to settle. The solution v/as 
then decanted and the solvent distilled off, after which the 
fat was separated into its constituents by dissolving in ac 



tone and alcohol • Another method used with aBDone success by the 
author was to dissolve the fat in a crude oil distillate of 
about 55^ B. The solution was then concentrated by distilling 
the oil under diminished pressuTB, and was then cooled. The 
cholesteiyl bodies are the first to crystallize out and can be 
separated by filtration on a flannel. The crystals occur as 
large coarse needles. They can be readily emulsified with 
water and be made directly into a fairly good lanoline* 

Pull details as to the exact nethods employed in the 
rather difficult and certainly troublesome process of refini:iG 
the crude wool fats are not obtainable froa any of the avail- 
able publications, the brief descriptions given in the various 
patent specifications f oim a chaos cut of v/hich it is diffi-^ 
cult, in fact almo»st iiiipossible to decide accurately which 
points are and which are not of actual practical utility • 
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DESTRUCTIVE DISTILLATION^ 

On destructive distillation the crude fat can be broken 
up into a number of oils nrhich distil off, and a pitch (of 
about -ftie density of "D'^asphalt)* The oils vary in color from 
a light straw yellow to a dark amber brown. They all possess 
a disagreeable odor wliioh very Trruch resembles acrolein* The 
presence of acrolein can easily be accounted for since the fat 
Y/as found to contain potassium salts of oleic and stearic acico, 
and it is a well known fact, that when these acids are heated 
to a high temperature ^vith salts of the alkali metals, they 
break down into acrolein and various other products. (Vide, 
Nil^vy Physiological chemistry )• These oils possess a very i^arkcx 
fluidity even those of the higher boiling points and the lat- 
ter have a decided fluorewcence. This latter characteristic 
seems to be a property of all hydrocarbon oils* /iccording to 
Archbutt, *a distinct fluorescence proves the presence of 

hydrocarbons, though a nonr-fluorescence does not prove their 

If 

absence. 

The oils on f ii^st distillation contain considerable for- 
eign coloring matter which was removed by only one single re- 
agent, glacial acetic acid. Odor^ are verj'' frequently removed 
v;ith H SO or Na 00^, but these oils seem to be unaffected by 
these reagents. The "gravities" of the oils ranged from .795 
to .817. 
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Tho oils from tho first distillation were all combined* 



50 CO were taien and redistilled. The r jsults are sho^n in th 
follOY/ing table: 



IV 



VI 



Fraction 


TaJcen be- 
tween (®0.) 


Yield 


Color 


Odor 


Remarks . 


I 


100-120© 


12 


Strav 


Mild 


Very fluid and re- 


II 

i 


2 00-25 0© 


7 


1 

M 


H 


tain clear color. 


III 

i 


25O-.275O 


10 


1 Yellow 

1 


Aoro- 


(Non-drying oils die 



275-3000 
300-35 00 



350-Over 



12 



I 



Dark 
Yellow 

Dark 
Yellow 



lein 

strong |(not slior signs of 
acrolataC drying after 8 
strong (weeks exposure 



acrdejbi 
not bad! 



Fluorescent , jelly • 
Turns dark. 



The oils were not acid and hence might be used for lu- 
bricating purposes, numbers III, IV and V would serve that pur- 
pose particularly voll, since they are non-drying. 

The pitch that v/r.s left behind, can, on extreme distilla- 
tion be carried to the state of a porous coke. This on analy3ij 
coems to consist of potassium carbonate and nitrogenous carbon. 
A similar product is used In the manufacture of yellow prussiate 
of potash* This compound might be put to the same purpose* 



other uses to ^aiich the crude fat can be put: 
Rosengren. a Swedish investigator, claims tha 



the I'at to make anhydrous, transparent, homogenouc solid p.-o— 
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ducts with petroleum* He also uses the fat to increase the con- 
sistency of different oils of lovf viscosity and at the same tir.c 

o 
raises their melting points to as high as 152 0* 

These facts could be made VLse of in the manufacture of rub- 
heroid roofing. Mr^Finley of the Parraffine Paint Co., tried 
some of the fat obtained by the author and found tliat, when :i::i):: 
with the composition which malces the roofing, it renders it i.iore 
durable and far more pliable • 

Wool grease has been apl)lied in the leath^ industry for a 
number of years. Some experiments performed in Europe and descri- 
bed in the Journal of the Society of chemical Industries (?e"b. 
28, 1898) are spoken of as follows: » in 'stuffing* a number of 
samples of leather with a mixture of wool grease and tallow, the 
latter showed that the neutral wool grease penetrated better 
than any other fats of the same consistency; that it left no 
sticky touch or oil odor; and that in the case of chrome- tanned 
leathers especially, it gave a very good color# 

Y/ool grease under the name of "degras*" is used very Ini^f/oiy 
for the stuffing of leather. In general the term "degras" is e.y- 
plied to all oils and greases used by tanners without any spec- 
ial distinction, including what is known as •'sod oil". Sod oil 
and wool grease have entirely different constituents as well asj 
characteristics, and hence should be easily distinguished* wool 
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grease is extracted from urool; sod oil is extracted from leatlier 
Tviiich has been cUrrled with oils, particularly fish oils. Sod 
oil contains a resinous substance (not a resin) known as "docr^- 
former", which is characteristic of sod oil. No other oil or 
grease (not even wool grease which is techinally a v/ax and not a 
grease at all) contains the degras former, which is therefore 

« 

characteristic of sod oil. Originally sod oil only was known a3 
degras. Later the term was made by the American oil trade to er- 
brace wool grease, and was adapted less extensively by the Eng- 
lish. # 

The author obtained some degras from Balfour Guthrie and 
Co., of San Francisco. The firm, the largest wholesale commissior. 
merchants on the coast, handle thousands of tons of degras every 
year, which they sell to the leather tanners. The acidity of the 
samples obtained, lead one to suspect that the fat is recovered 
rrom waste wool soourings by treatment with siUphuric acid. ( Lea- 
ther softened with degras of an acid reaction deteriorates rap- 

4^^ Idly. ) 

The crude degras commands a price of ftom four to four cna 
a lialf cents a pound in the open market. The amount that vras ir.- 
ported into the united States for consumption in 1899-1900 was 



# E. Hopkins, Jour, of the Amer. oh«n. Soc. June 19 oc. 
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1S,26S,480 pounds, valued at #286,485 duties paid. (United States 

Census Repotts)* 

There hardly soems a doubt, but that the recovered greaoo 
from tlitj solvent process will in a few years, If the procecc 
is developed J wholly displace the crude degras which is at 
present on the niarket* 



Mow that we have concidered the composition and possible 
uses of the bi-product of the wool washing industry, let us 
glance at a few firiires before closing* 

The world's annual supply of raw wool amounts to about 
2,500,000,000 poinds* Let us see what this would yield. At 
an average price of 10c* per pouhd for the raw wool the whole 
would amount to #250,000,000/- Say as much as 35 per cent (a 
large figure), of the raw wool is reooverdd as Jarre fibre* -~ 
Considering the scoured wool as the onl^^ product , which it is 
according to. the old methods of scouring. It will be seen that 
a market price of 30 cents a podnd for the washed wool would 
barely compensate for the *• shrinkage* and pay for the cost of 
washing. By the old method of washing 25 per cent, amounting 
to 626,000,000 pounds of fat, are thrown away annually. Mere 
this fat recovered 25 to 30 per cent of it could readily be 
separated and converted into lanoline, and the remainder could 
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be used as soap-stock, aile grease or candles - or be converter 
cy destructive distillation into lubricating or paint oils. 
Since lanoline iHis a market value of 35 cents a pound the 
value of this product alcne ( estimating the grease to contain 
as little as 25 per cent) would ainount to$54,687 ♦500* If the 
remainder of the grease v:ere sold as soap or candle stock at 
say four cents a pound it would bring $18,750,000. income, a 
year* And omission must not be made of the potash salts, which 
constitute six per ce:.:t of the xtm wool. These at five cents 
a pound wovJ.d bring #750,000. a year. 

It would seem as though it were about time for some one 
to be building up a modern colossal fortune out of the waste 

« 

product of the t/oo1 washing industry. 

It is also about time, though, to destroy these castles 
in the air Iflr - closing. 
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